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Simple Classification of Light Baryons 
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We introduce a classification number n which describes the baryon mass information in a fuzzy 
manner. According to n and J p of baryons, we put all known light baryons in a simple table in which 
some baryons with same (n, J p ) are classified as members of known octets or decuplets. Meanwhile, 
we predict two new possible octets. 

PACS numbers: 14.20.-c, 11.30.Na, 14.20.Gk, 14.20.Jn 
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The idea of the quark structure of hadrons appeared 
first in the papers of Gell-Mann [l| and Zweig 0. It was 
shown that the SU(3) octet symmetry can be realized on 
the basis of a fundamental triplet of some hypothesized 
particles, called quarks by Gell-Mann. At the beginning, 
quarks were take as a mathematical expression of the 
SU(3) properties of hadrons, but soon it was recognized 
that hadrons are bound systems of quarks: I$&Tyoii=qqq 
and Meson=qq. The light baryons are made up of u, d, 
s quarks, which implies an approximate S'(7(3)fl avor sym- 
metry. Up to now, a number of approaches have been 
developed for describing the baryon mass spectrum, such 
as the SU(6) model 0,0], the bag model @, the Skyrme 
model d, 0] , the non-relativistic quark model d, Q and 
so on. These models incorporate partly the dynamics 
of quantum chromodynamics (QCD) and achieve quanti- 
tative description. However, many predicted baryons of 
these models have been experimentally observed while 
some baryons have not been found. In addition, the 
predicted baryon masses of different models are not the 
same, i.e., the predictions are model-dependent. Al- 
though QCD has been widely accepted as a basic the- 
ory of strong interaction, it is still a big challenge to 
compute the baryon mass spectrum from first principle 
due to the complicated non-perturbative and non-linear 
properties. Therefore a comprehensive classification of 
all known baryons would be very helpful for a funda- 
mental understanding of strong interaction and baryon 
structure. 

In this Letter, we try to propose a simple method which 
directly classifies the observed baryons to their possible 
multiplets according to a fuzzy concept of mass range, 
rather than the precise mass values. First, we introduce 
a classification number n which describes baryon mass 
range information. Secondly, according to n and J p , we 
put all light baryons into a table. We find that many 
baryons with same n and J p can make up of a multiplet 
which is an octet or a decuplet listed in the booklet of 
Particle Data Group (PDG) [TtJ based on the quark- 
model or in Ref. [ll[ based on SU(3) symmetry. We also 
predict two new possible octets. The classification of 
known multiplets and the new predictions may suggest 



the feasibility of the classification method although it is 
phenomenological and rough. 

We now introduce the classification number n, which 
is an integer determined by two parameters. One is the 
center mass denoted as M Bn for a kind of baryons with 
same isospin and hypercharge, the other is the mass band 
width denoted as M Bn corresponding to the center mass 
Aff™. We define M C B " +1 - M B *> = M B ". If a baryon 
mass Mb satisfies 



Mi 



M 



1 /2<M B <M B "+M B "/2, 



(1) 



the baryon belongs to a group of baryons with classifica- 
tion number n. 

To obtain reasonable M Bn and M Bn , we briefly re- 
view the relevant properties of the nonrelativistic poten- 
tial model [12, EH ■ The ground-state baryon mass is 



z — ' 3 3 . , miirij 



(2) 



i<j=l 
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where m, and Si are the constituent quark effective mass 
and spin of the ith quark, T\j — r, — Tj, and a s is the 
quark-gluon coupling constant. We suppose that the first 
center mass can be written as M B 1 = J^-, Trii+m B , where 
rrn is the ith constituent quark effective mass and m B is 
a constant in analogy with the second term of Eq.([2). 
Using m uA ~ 280 MeV and m s ~ 440 MeV, and also 
taking m§ ~ 160, 150, 110, 50 MeV for hadrons N/A, 
A/S, S, O, we assume M c Bl s of N/A, A/E, S, ft be- 
ing 1000, 1150, 1270 and 1370 MeV respectively. The 
decrease of m B with the increase of the strange quark 
number of a baryon is inspired by the mirrij terms in 
the denominators of Eq.([2]). However, we should take 
the above values as from assumptions rather than from 
derivations. We need also to mention that Al and fll 
are assumed to be imaginary particles with spin 5=1/2 
for the sake of being comparable with Nl, Al, SI, and 

The idea of the mass band width M B ™ comes from 
the zeroth order energies E = (N + 3/2)uj = (2n + I + 
3/2) w [I, Il3j |. where n is the number of radial nodes, I 
is the orbital angular momentum, and the non-strange 
harmonic oscillator level spacing u ~ 520 MeV. The 
mass band width M Bn is somewhat similar to u>. There- 
fore, we suppose that M Bn and u> are of the same order. 
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is 400 MeV and 



More explicitly, we suppose that M, 

M% n '(n' > 1) is 300 MeV. 

Using the relation of baryon masses and the classifi- 
cation number n, i.e., Eq. fl}, we put baryons N, A, E, 
H, A and f2 in Tables HI ITT1 and UTIl respectively. The un- 
derlined baryons mean that their spins and parities are 
not confirmed yet. We try to put them in these tables 
according to their masses. It is noted that an underlined 
baryon might be putted in another place in these tables 
as long as its mass satisfies Eq. ([XJ) . 

Then accor ding to n and J p , we put all light baryons 
listed in PDG (Tflf in Table Hvl In this table, there are 38 
groups with same n and J p , noting that baryons E, S in 
one group may belong to an octet or a decuplet. We find 
that many observed baryons with same n and J p are 
directly classified to their possible multiplets, thirteen 
of which are the same with the multiplets in PDG [l(| 
and seven of which are the same with the multiplets in 
Ref. |ll| . There are also some baryons which can not be 
classified to a multiplet clearly. 

From Table IIV1 we predict two new possible octets 
marked with 0. One is (N1900, A2000, E, S) of J p = 
3/2+, the other is (N2000, A2110,E, 5) of J p = 5/2+. 
The E and 3 mass ranges of these two octets are 2000- 
2300 MeV and 2100-2400 MeV respectively. We calculate 
the baryon decay widths to check our prediction. 

For the decay process of a baryon B* to a baryon B 
and a pseudoscalar meson M 



B* -> £ + M, 



(3) 



the calculation of decay widths can be performed in the 
framework of Rarita-Schwinger formalism. 

The parity-conserving Lagrangian and decay widths of 
the process By 2+ — > B 1 / 2 + + M are 



m 

„2 e>3 



>BM P cm\{ m B +m B ) 2 -m 2 



(4) 



(5) 



247r(mim,r) 2 
Those of the process B*^ 2+ — > B 1 / 2 + + M are 

C = i^^^^d^d^, (6) 
t~i _ 9 B 'BM P L[{m* B -m B ) 2 -m 2 ] 



where 



307r(mim 2 ) 2 



{[m* B 2 - (m B + m) 2 ][rn* B - (m B - to) 2 ]} 1 / 2 
2to*„ ' 



(7) 



(8) 



with P cm being the cm. momentum of final par ticles, 
9b* bm being the universal coupling constant [15| . m* B 
and tub being the baryons masses, and m being the me- 
son mass. The results are listed in Table [V] from which 
we notice that most predicted decay widths are consistent 
with the experimental data. 

However, in Table [TVl there is a puzzle, i.e., several 
baryons of a same kind may have the same n and J p . 
There are 5 such cases, which are groups 3 and 4, groups 
6, 7 and 8, groups 12 and 13, groups 20 and 21, and 
groups 25, 26 and 27. There are several possible solu- 
tions. Maybe when more baryons are observed, baryons 
with the same n and J p may belong to different mul- 
tiplets. It was suggested in Ref. [l(| that E(1480) and 
5(1620) might be members of a new light octet, whose 
N member is predicted to have the mass around 1100 
MeV and the vanishingly small total width. Maybe some 
baryons have the same n and J p can mix with each other, 
for example, the two A's of the groups 20 and 21 may 
mix, and so do the A's of the groups 25 and 26. Maybe 
some baryons belong to a multiplet with exotic baryons. 
For example, E(1770) makes it a potential candidate for 
the Ejq member of the antidecuplet 11]. Four groups 
of baryons E(1560), E(1690), E(1580), A(2000) have no 
solution and need more study. 

Although the introduced center mass M<f ™ and mass 
band width M^ n are arbitrary in some sense, our simple 
method can directly classify the observed baryons to their 
possible multiplets known in the literatures. The classifi- 
cation of known multiplets and predictions of new possi- 
ble multiplets may suggest the feasibility of the introduc- 
tion of the classification number n which is based on the 
fuzzy concept of mass range instead of exact mass val- 
ues. The simple classification of all known light baryons 
in Table IV might be inspiring for both experimental and 
theoretical studies: experimentalists may search for pos- 
sible missing baryons by looking at vacancies in the table 
and theorists may seek for better classification schemes of 
baryons and reveal more fundamental relations between 
different baryons. Of course, our simple method should 
be only considered as a roughly phenomenological at- 
tempt to classify all light baryons. A more comprehen- 
sive and elegant classification should be searched for from 
more fundamental and profound considerations. 
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nese Ministry of Education (No. 305001), by the Re- 
search Fund for the Doctoral Program of Higher Edu- 
cation (China). 
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TABLE I: The n number and masses of N, A baryons 



n N 


1 


2 


3 


4 5 6 




1 


2 


3 


4 


5 


6 7 


M" (MeV) 


1000 


1400 


1700 


2000 2300 2600 


Mf (MeV) 


1000 


1400 


1700 


2000 


2300 


2600 2900 


J + 




N 


masses 




J+ 






A 


masses 






1/2 


939 


1440 


1710 


2100 


1/2 






1750 


1910 






3/2 






1720 


1900 


3/2 




1232 


1600 


1920 






5/2 
7/2 






1680 


2000 
1990 


5/2 
7/2 








1905/2000 
1950 


2390 




9/2 








2220 


9/2 










2300 




11/2 










11/2 










2420 




13/2 








2700 


13/2 














15/2 










15/2 












2950 


J' 




J~ 




1/2 




1535 


1650 


2090 


1/2 






1620 


1900 


2150 




3/2 




1520 


1700 


2080 


3/2 






1700 


1940 






5/2 






1675 


2200 


5/2 








1930 


2350 




7/2 
9/2 








2190 
2250 


7/2 
9/2 










2200 
2400 




11/2 








2600 


11/2 














13/2 










13/2 












2750 



TABLE II: The n number and masses of A, E baryons 



n A 


1 


2 


3 


4 


5 


n s 


1 


2 


3 


4 


5 


6 


7 


M c A (MeV) 


1150 


1550 


1850 


2150 


2450 


M^(MeV) 


1150 


1550 


1850 


2150 


2450 


2750 


3050 


J+ 




A 


masses 






J+ 




E 


masses 










1/2 


1116 


1600 


1810 






1/2 


1193 


1660 


1880/1770 










3/2 






1890 


2000 




3/2 




1385/1560/1690 


1840 


2080 








5/2 






1820 


2110 




5/2 






1915 


2070 








7/2 








2020 




7/2 








2030 








9/2 










2350 


9/2 










2455 






11/2 










2585 


11/2 
















15/2 












15/2 














3170 


J~ 




J~ 




1/2 




1405/1670 


1800 






1/2 




1620 


1750 


2000 








3/2 




1520/1690 






2325 


3/2 




1670/1580/1480 


1940 


2250 








5/2 






1830 






5/2 






1775 










7/2 








2100 




7/2 








2100 








11/2 












11/2 












2620 




13/2 












13/2 














3000 



TABLE III: The n number and masses of S, SI baryons 





1 


2 


3 


4 


5 


M c =(MeV) 


1270 


1670 


1970 


2270 


2570 


J+ 






masses 






1/2 


1318 


1690 








3/2 




1530 




2250 




5/2 






2030 






7/2 








2120 




J~ 




1/2 




1620 








3/2 




1820 




2370 




5/2 
7/2 






1950 




2500 


M l c l (MeV) 


1370 


1770 


2070 


2370 


2670 


J+ 




Q 


masses 






3/2 




1672 




2470 




5/2 








2380 




7/2 








2250 
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TABLE IV: Mass table of light baryons classified by (n,J p ) (in units of MeV) 



Group 




N 

IN 


A 
i \ 


V 




A 
__i 


o 


A 


NAEH 






(~\ 1/9+1 


Q3Q 


1116 




1 ^1 8 












Z 




1 /I /in 


i Ann 

1DUU 


1DDU 


loyu 












Q 
O 


^ 1 /9+1 


1 / 1U 


i si n 

lolU 


loou 














A 


f9 1 /9+1 






1 770 
± it u 




1 7^0 

1 / OU 






? 


? 







Z1UU 








i qi n 






? 


? 


u 


f9 3/9+1 






lOOU 


1 ^^0 


1232 


1 R79 

LU 1 £j 








7 
( 

a 
o 


^9 3/9+^ 
^Z, 0/ Z J 

(9 3/9+1 






10DU 
-L U 3 U 










? 
? 


? 
7 


Q 

y 


^O, O/ Z J 


1 790 


i son 


1 SAO 




1 ^00 

1UUU 










1U 


{A 3/9+^ 


i cton 
lyuu 


zuuu 


ZUoU 




1 Q90 
lyzu 


Z^L / U 




w 




11 


\d) O/ Z J 


1 R80 

-LUOU 


1 890 




90*^0 

ZUOU 












12 


(4 5/2+1 


2000 


2110 


2070 


2250 


1905 


2380 








1 3 
io 


(A K/0+\ 
I 4 , °/ z 1 










9000 
zuuu 








7 


14 


(A 7/9+1 


1 QQ0 


2020 


90^0 

ZUOU 


2120 


1 Q^O 


2250 




? 




±o 


7/9+1 

I , '/ Z J 










zoyu 








? 


±u 


fi Q/9+1 


9990 
zzzu 


9^ c in 

zoou 


94^^ 
z-too 




9*^00 
zouu 








? 


17 


(5, 11/2+) 




2585 






2420 




? 


? 


-jf 




(a 1Q/9+ > i 


9700 
Z l uu 














? 




i y 








^1 70 

OX J u 




9Q^0 
zy ou 






? 


7 


90 
zu 




1 ^ i=i 


lUlu 


±uzu 




1 (S90 
±uzu 










91 
z ± 


(9 1 /9~ ~1 




















99 


^O, 1 / Z J 


1 R^O 


i son 


1 7^0 














9^ 

ZO 


\ ) ) 


90Q0 




9000 
zuuu 




1 Q00 
iyuu 






? 


? 


9/1 

Z^t 


10, J./ Z ^ 










91 PiO 
ZloU 








? 


9^ 

ZJ 


(9 1/9~~\ 

^Z, O/ Z j 


1 ^90 




1 B70 


1 890 

LOiU 












9fi 
ZD 


(9 < \I9~\ 
l^Z, Of Z J 




1 ^90 
10ZU 


1 ^80 










? 


? 


97 


^Z, o/ Z J 






1 ARC) 

140U 


1 R90 

1UZU 








? 


? 


98 
zo 


^O, O/ Z J 


1 700 








1 700 
1 ( uu 










9Q 
zy 


('A ^/9 _> \ 


9080 
zuou 




99^0 


9^70 

Z-> ( u 








? 


? 


QO 
oil 


o In— \ 

^o, o/ z j 




9Q9^ 
ZoZO 










v 


? 




31 


(3,5/2") 


1675 


1830 


1775 


1950 








* 




32 


( 4 ,5/ 2 ") 










1930 








7 


33 


(5,5/2") 


2200 








2350 






? 


7 


34 


(4, 7/2") 




2100 


2100 










? 


7 


35 


(5,7/2") 


2190 






2500 


2200 






? 


7 


36 


(5,9/2") 


2250 








2400 






★ 


7 


37 


(6,11/2") 


2600 




2620 










? 


7 


38 


(7, 13/2") 






3000 




2750 






? 


? 



The underlined baryons mean that their spins and parities arc unknown and we put them in the table according to their classification 

numbers n artificially. * means that the baryons in the group belong to an octet or a decuplet listed in PDG, * means the baryons 
belong to a multiplet listed in Ref. [TlT |. and means that the baryons belong to our prediction of a new octet, and ? means that the 

baryons are still unknown to a multiplet. 



TABLE V: The masses and widths of baryons (in units of MeV) 





PDG width 


Decay mode 


Branching ratio 


Ti(exp) 


r,(th) 


V(1900) 


420-576 


Ntt 


20%-32% 


84.0-184.3 


110.0 






Nr; 


9%-19% 


37.8-109.4 


38.2 






AK 


2.10%-2.70% 


8.8-15.5 


4.8 


A(2000) 


80-180 




-24%— 16% 


-43.2—12.8 


-58.0 










a = -0.20 


A 8 =10.5 


N (2000) 


180-800 


Nn 


3%-13% 


5.4-104.0 


73.1 


A(2110) 


150-250 


NK 


5%-25% 


7.5-62.5 


10.3 






Ett 


10%-40% 


15.0-100.0 


85.3 










a = -0.10 


A 8 =4.0 




a, As are the parameters of the universal coupling constants for the 8 - 


^8 + 8 decays. 
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